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Abstract 

Background: Salacia reticulata (SR) is a plant native to Sri Lanka. In ayurvedic medicine, SR bark preparations, taken 
orally, are considered effective in the treatment of rheumatism and diabetes. We investigated the ability of SR leaves 
(SRL) to inhibit in vitro the interleukin-1 (3 (IL-1 (3)-activated proliferation of synoviocyte-like cells derived from 
rheumatoid arthritis model mice. 

Findings: Inflammatory synovial tissues were harvested from type II collagen antibody-induced arthritic mice. From 
these tissues, a synoviocyte-like cell line was established and named MTS-C H7. To determine whether SRL can 
suppress cell proliferation and gene expression in MTS-C H7 cells, fractionation of the SRL hot-water extract was 
performed by high-performance liquid chromatography (HPLC), liquid-liquid extraction, sodium dodecyl sulphate- 
polyacrylamide gel electrophoresis (SDS-PAGE), and protease digestion. 

The 50% inhibitory concentration of the SRL hot-water extract against MTS-C H7 cells proliferation was -850 Lig/mL. 
Treatment with a low dose (25 \ig dry matter per millilitre) of the extract inhibited IL-1 (3-induced cell proliferation 
and suppressed the expression of the matrix metalloproteinase (MMP) genes in MTS-C H7 cells. Various 
polyphenolic fractions obtained from HPLC and the fractions from liquid-liquid extraction did not affect cell 
proliferation. Only the residual water sample from liquid-liquid extraction significantly affected cell proliferation and 
the expression of MMP genes. The results of SDS-PAGE and protease digestion experiment showed that low 
molecular weight proteins present in SRL inhibited the IL-1 ^-activated cell proliferation. 

Conclusions: We surmised that the residual water fraction of the SRL extract was involved in the inhibition of IL-1 (3- 
activated cell proliferation and regulation of mRNA expression in MTS-C H7 cells. In addition, we believe that the 
active ingredients in the extract are low molecular weight proteins. 



Findings 

Salacia reticulata (SR) is a plant native to Sri Lanka. 
In traditional Sri Lankan medicine, called 'Ayurveda', 
the roots and stems of SR are used for the prevention 
of rheumatism and diabetes [1,2]. For example, the 
roots and stems of SR are known to contain unique 
compounds such as salacinol, kotalanol, and mangi- 
ferin [3-5]. In a previous study with a murine disease 
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model, SR leaves (SRL) ameliorated the symptoms of 
rheumatoid arthritis (RA) [6]. 

Although the aetiology of RA is not yet fully under- 
stood, classical studies have suggested that autoantibody 
production, inflammatory cell infiltration, and tumour-like 
proliferation of synovial pannus' are involved in the 
pathogenesis of RA [7,8]. Recent research on the roles of 
fibroblast-like synoviocytes in the pannus has gained rec- 
ognition [9]. The pannus releases several proinflammatory 
mediators and matrix metalloproteinases [10]. RA treat- 
ment is currently based mainly on the administration of 
anti-inflammatory drugs and anti-rheumatic drugs [11]. 
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In this study, we investigated the potential of SRL as a 
prophylactic or therapeutic agent for RA. 

Preparation of samples 

SRL were sun-dried. After removing the damaged leaves, 
the dried intact leaves were pulverized in a food mill and 
filtered through a 150- urn mesh sieve to obtain the 
powder. The powder was boiled in pure distilled water, 
and the extract solution was centrifuged for 20 min at 
2190 xg to remove the pellet. The supernatant was 
filtered through a 0.20- um filter membrane and dried using 
a freeze dryer. We purchased commercial agents prepared 
from stems of SR, such as mangiferin (Sigma- Aldrich Co., 
USA), triptotriterpenic acid B (AApin Chemicals Abingdon, 
UK), and (-)-epicatechin (Sigma- Aldrich Co., USA). These 
agents were dissolved in ethanol. All samples were stored 
at -20°C until use. 

Cell culture 

Collagen antibody-induced arthritic (CAIA) mice were 
generated using DBA/1 J mice as reported previously [8]. 
Synovial tissues were obtained from the knee joints of 
these mice. The inflammatory synovial tissues were 
minced and stirred with type IV collagenase (Sigma- 
Aldrich Co., USA) in serum-free DMEM/F12 medium at 
37°C for 3 h in an incubator shaker. The synovial tissue 
lysate was then filtered through a 40- um nylon mesh, 
washed extensively, and seeded at 1 cell/well in 96-well 
microplates. The cells were cultured in DMEM/F12 
supplemented with 10% FBS and benzylpenicillin potas- 
sium (100 units/mL) at 37°C/5% C0 2 . The inflammatory 
synovial tissue has been reported that the gene of 
Synoviolin is over-expressed [12]. Therefore, the cell 
named MTS-C H7 of high-expressed genes of Synoviolin 
was established. The study was performed in accordance 
with the National Institutes of Health Guide for the Care 
and Use of Laboratory Animals and the Institutional 
Animal Care and Use Committee of Josai University, 
Saitama, Japan. 

Cell viability assay 

MTS-C H7 cells were plated in 96-well microplates at a 
density of 5 x 10 3 /well. After 3 h, the SRL extract was 
added and cultured for 24 h. After incubattion, 10 uL of 
the cell proliferation reagent WST-1 (Roche Diagnostics, 
USA) was added and incubated for 30 min. Cell 
proliferation was measured at 450 nm by using a 
spectrophotometer. 

Cell proliferation assay 

MTS-C H7 cells were plated on 96-well microplates at a 
density of 5 x 10 3 /well. After 3 h, mouse IL-lp or other 
samples were added and cultured for 24 h. The cell 
proliferation assay was performed as describe above. 



HPLC analysis 

The HPLC system consisted of an LC-Organizer, L-6200 
Intelligent pump, L-4200H UV-VIS Detector, and ELITE 
LaChrom Column Oven L-2350 (HITACHI, Japan). 
Separation was carried out on a Wakosil-II 5C18AR 
column (250 mm x 4.6 mm, 5 um). HPLC conditions 
were performed according to the reference [13]. All 
samples were evaporated and dried, dissolved in ethanol. 
All samples were stored at -20°C until use. 

Liquid-liquid distribution assay 

The SRL extract was separated by hexane, diethyl ether, 
ethyl acetate, and n-butanol. The up layers and residual 
water fraction were collected. These samples were 
evaporated and dried, dissolved in ethanol or ultrapure 
water. All samples were stored at -20°C until use. 

RNA extraction and reverse transcription (RT)-PCR 

MTS-C H7 cells were cultured at approximately 2 x 10 5 / 
dish. After 24 h, mouse IL-lp and other samples were 
added and cultured for 24 h. RNA was extracted using 
the TRIzol reagent according to the manufacturers 
instructions. The term of genes expression has been 
reported previously [6]. 

SDS-PAGE 

SDS-PAGE was used to determine the molecular weight 
and purity of the protein isolated from SRL. The samples 
were run on a MULTIGEL Mini 15/25 (COSMO BIO, 
Tokyo, Japan) gradient gel with the SDS-PAGE buffer 
(0.1% SDS, 0.05 M Tris, 0.05 M tricine). After electro- 
phoresis, the gel was fixed with ultrapure water for 
15 min and stained with GelCode Blue Safe Protein Stain 
(Thermo Fisher Scientific K.K., Waltham, USA) for 1 h. 

Protease digestion assay 

SRL extract was mixed with CPaseY incubated at 25°C 
from 0 to 60 min. MTS-C H7 cells were plated in 
96-well microplates at a density of 5 x 10 3 /well. After 
3 h, SRL + CPaseY and IL-lp were added and cultured 
for 24 h. The cell proliferation assay using samples were 
performed as describe above. 

Statistical analysis 

The results are expressed as the mean and standard devi- 
ation (SD) of three independent experiments. Statistical 
analysis was carried out with Stat-Mate III Version 3.18 
(ATMS Co., Ltd., Japan). Data distributions were com- 
pared using the Analysis of variance. 

Cytotoxic effect of SRL on MTS-C H7 cells 

As shown in Figure 1, cell viability was not changed by 
25 and 100 ug dry matter/mL; however, it was decreased 
by 500 ug dry matter/mL and showed to decreased until 
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Figure 1 Cytotoxic activity of the SRL hot-water extract against 
MTS-C H7 cells. MTS-C H7 cells were treated with the SRL extract at 
concentrations of 25, 50, 100, 500, 1000, 1500, 2000, and 25,00 ug 
dry matter/mL for 24 h. The results are expressed as mean (SD), 
n = 3. The experiment was performed in triplicate. 



2000 \ig dry matter/mL. We calculated the IC 50 accord- 
ing to the literature [14] and obtained the value of 
-850 [ig/mL. 



Effects of reference compounds present in the stems of 
SR on cell proliferation 

As shown in Figure 3, M, T, or E did not affect IL- In- 
activated cell proliferation, which indicates that the 3 
tested reagents are not among the active ingredients of 
SR. 

HPLC analysis of the SRL hot-water extract 

The HPLC analysis data for 2 different extracts are 
shown in Figure 4A. The (-)-epicatechin (EC), epicate- 
chin gallate, epigallocatechin, and epigallocatechin gallate 
(EGCG) catechins were detected in a green tea extract 
used as a catechin control. The EC and EGCG were 
detected in the SRL extract. These results show that the 
components of the hot-water extract from Camellia 
sinensis (Japanese green tea) leaves are different from 
those in the SRL extract. 

Effects of various HPLC fractions of the SRL extract on cell 
proliferation 

As shown in Figure 4B, Cell proliferation in the presence 
of IL-1(3 did not change when Fl, F2, or F3 were added 
to the culture. These results show that none of the 
HPLC polyphenolic fractions of the SRL extract sup- 
pressed the IL-lp-induced cell proliferation. 



Effect of SRL on MTS-C H7 cell proliferation induced by 
inflammatory mediators 

As shown in Figure 2, MTS-C H7 cell proliferation in 
the presence of the SRL was significantly decreased 
compared with only IL-1(3. Thus, the SRL clearly inhi- 
bits IL-lp-induced cell proliferation. 
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Figure 2 Anti-proliferative effects of the SRL hot-water extract 
on MTS-C H7 cells. MTS-C H7 cells were treated with mouse IL-1 (3 
(10 ng/mL) and SRL extract (50 \xq dry matter/mL) for 24 h. The 
results are expressed as mean (SD), n = 3. Significantly different from 
IL-1 (3: * p < 0.05. The experiment was performed in triplicate. 

V J 



Effects of various liquid-liquid distribution fractions of the 
SRL extract on cell proliferation 

As shown in Figure 5A, cell proliferation in the presence 
of the residual water sample was decreased compared 
with IL-1 (3 alone. These results show that the water- 
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Figure 3 Effects of commercially available compounds present 
in Salacia reticulata roots and stems on MTS-C H7 cell 
proliferation. MTS-C H7 cells were treated for 24 h with 10 ng/mL 
mouse IL-1 (3, SRL at 50 ug dry matter/mL, 10" 8 M mangiferin (M), 
10" 8 M triptotriterpenic acid B CD, or 10" 8 M (-)-epicatechin (E). 
Cell proliferation was assessed by the WST-1 assay. The results are 
expressed as mean (SD), n = 3. Significantly different from IL-1 (3: * 
p < 0.05. The experiment was performed in triplicate. 

V. ) 
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Figure 4 Effects of HPLC samples of the fractionated SRL 
hot-water extract on MTS-C H7 cell proliferation. (A) Major 
catechins, i.e., (-)-epicatechin (EC), (-)-epicatechin gallate (ECG), 
(-)-epigallocatechin (EGC), and (-)-epigallocatechin gallate (EGCG), in 
green tea extract and SRL extract. Fraction 1 (F1): 100% solvent A, 0- 
10.0 min; fraction 2 (F2): 90% solvent A + 10% solvent B, 10.1-40.0 min; 
and fraction 3 (F3): 40.1-80.0 min. (B) Anti-proliferative effects of the 
fractionated samples of the SRL extract on the growth of MTS-C H7 
cells after 24-h treatment. MTS-C H7 cells were treated for 24 h with 
mouse IL-1(3 (10 ng/mL); SRL extract (25 uoj dry matter/mL); or F1, F2, 
and F3 (25 ug dry matter weight/mL). Cell proliferation was assessed 
by the WST-1 assay. The results are expressed as mean (SD), n = 3. 
Significantly different from IL-1 (3: * p < 0.05. The experiment was 
performed in triplicate. 



soluble component in the SRL extract attenuated the 
IL-l|3-induced cell proliferation. 

Effect of residual water from the SRL hot-water extract on 
gene expression results 

As shown in Figure 5B, SRL extract and residual water 
samples were significant decrease in the mRNA levels 
for MMP-3 and MMP-13. These results show the possi- 
bility that the active ingredients in the residual water 
fraction decrease the activation of gene expression by 
IL-ip. 




SRL BuUnol Residual 



Figure 5 Effects of the fractionated SRL hot-water extract 
samples on cell proliferation and mRNA expression. (A) Anti- 
proliferative effects of SRL extract samples fractionated according to 
the polarity of constituents on the growth of MTS-C H7 cells after 
24-h treatment. MTS-C H7 cells were treated with mouse IL-1 (3 
(10 ng/mL); SRL (50 ug dry matter/mL); hexane, diethyl ether, ethyl 
acetate, and n-butanol extract samples (all 50 ug dry matter/mL); or 
residual water sample (50 ug dry matter/mL). Cell proliferation was 
assessed by the WST-1 assay. Results are expressed as mean (SD), 
n = 3. Significantly different from IL-1 (3: * p < 0.05. The experiment 
was performed in triplicate. (B) MTS-C H7 cells were treated with 
mouse IL-1 (3 (10 ng/mL), SRL (50 ug dry matter/mL), n-butanol 
extract sample (50 ug dry matter/mL), or residual water sample 
(50 pig dry matter/mL). Gene expression was detected by RT-PCR. 
Results are expressed as mean (SD), n = 3. Significantly different from 

IL-1 (3: * p < 0.05. The experiment was performed in triplicate, 
v J 



Characterization of the active ingredients as peptides 

As shown in Figure 6A, using only the SRL extract, a 
band of ~3 kDa was observed. In addition, in the sample 
treated with HC1, no band could be observed at any 
position. As shown in Figure 6B, at MTS-C H7 cell 
proliferation in the presence of CPaseY-treated SRL 
extract was not decreased compared with only IL-1 (3. 
Moreover,HCl-treated SRL extract showed a similar 
results (data not shown). 
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Figure 6 Characterization of the active ingredients as peptides. 

SRL extract (0.5 mg dry matter) was mixed with carboxypeptidase Y 
(CPaseY) (2.38 units) and incubated at 25°C for 24 h. After incubation, 
the samples were heated at 95°C for 5 min. SRL extract was mixed 
with HCI (6 mol/L) and heated at 90°C for 2 h. (A) The SRL-only 
sample was subjected to electrophoresis (lane 2). SRL was treated 
with CPaseY (lane 3). SRL was treated HCI (lane 4). Proteins were 
detected by SDS-PAGE with gels stained with GelCode Blue Safe 
Protein Stain. (B) MTS-C H7 cells were treated with mouse IL-1(3 
(10 ng/mL) and SRL treated with CPaseY. Cell proliferation was 
assessed by the WST-1 assay. The results are expressed as mean (SD), 
n = 3. Significantly different from IL-1 (3: * p < 0.05. The experiment 
was performed in triplicate. 



Discussion and Conclusions 

RA treatments often cause severe adverse effects de- 
pending on the patients sensitivity or the drug dosage 
[15-17]. Traditional herbal therapy for RA takes advan- 
tage of using extracts of plants [18,19]. However, herbal 
medicines have been reported to cause fewer adverse 
effects [20,21]. 

The present study contributes to elucidating the effect 
of the SRL extract and residual water fraction sample on 



IL-lp-activated cell proliferation and gene expression 
against MTS-C H7 cells. The amount of protein in SRL 
extract (100 mg dry matter /ml) was confirmed by Lowry 
method to be 0.52 mg/mL [22]. Moreover, SDS-PAGE 
analysis confirmed that SRL contains low molecular 
weight proteins (<3 kDa). 

In conclusion, we investigated whether the SRL can 
affect the functions of IL-l(3-activated MTS-C H7 cells. 
Our results show that the active ingredients might be 
3 kDa peptides. Moreover, it is well known that salacinol 
and kotalanol are similar in structure. Salacinol was 
reported to be in w-butanol fraction [23]. The active 
ingredients did not appear to be catechins, salacinol, 
kotalanol, or mangiferin. 

SRL appears to have potential as a functional food or 
herbal medicine for RA. In order to identify the sequence 
of these peptides, the future, we need to consider how to 
purify the peptides. 
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